Silver(I), whose coordination number ranging from 2 to 4, displays a wide diversity in its structural chemistry. Many silver complexes containing silver halides and neutral ligands formulated as (AgX)mLn are well known, which exist in different molecular ratios, even for the same X and L, and show rather different crystal structures. For example, there are five kinds of structures of (AgX)mLn (X = Br, L = PPh3).
(dppm = bis(diphenylphosphino)methane), they also show very interesting structures. Interest in the coordination chemistry of silver-phosphorus complexes has arisen in part from their important applications as potential antitumor, 3 free radical scavengers and catalyzer in industrial processes 4, 5 since the late middle of last century. By exclusion of all traces of oxygen, a new tetranuclear silver(I) complex containing dppm ligand has been synthesized and isolated, in which the metal atoms are bridged by dppm and I − anions. The synthesis, X-ray crystal structure and photophysical properties of the complex are reported.
Experimental Section
Materials and physical measurements. Manipulations were carried out under nitrogen atmosphere using standard Schlenk techniques. All solvents were distilled and stored under nitrogen atmosphere prior to use. Dppm from Aldrich Corporation was used directly as supplied commercially. The IR spectrum was recorded on a Nicolet Magna 750 FT-IR spectrometer with KBr pellets in the range 4000-400 cm −1 and elemental analysis was carried out on a Vario EL III elemental analyzer. The electronic emission and excitation spectra recorded at room temperature were obtained on an Edinburgh FL/FS 920 TCSPC fluorescence spectrophotometer.
Synthesis of [Ag 4 (dppm) 2 (µ 3 -I) 2 (µ 2 -I) 2 ]. The colorless solution of dppm (0.151 g, 0.39 mmol) in a mixture of toluene and THF (15 mL, V/V = 21) was added dropwise to a suspension of AgI (0.097 g, 0.40 mmol) in toluene (5 mL A colorless prismatic crystal was carefully selected and mounted on a Rigaku Mercury CCD diffractometer equipped with graphite-monochromated MoKα (λ = 0.7107 Å). The intensity data was reduced using CrystalClear program. 6 The structure was solved by direct methods using SHELXTL TM package of crystallographic software 7 and refined by fullmatrix least-squares technique on F 2 . All non-hydrogen atoms were refined anisotropically and the hydrogen atoms were included in the final stage of the refinement on calculated positions boned to their carrier atoms. Crystallographic data for the title complex are listed in Table 1 . Crystallographic data for the structure reported here have been deposited with the Cambridge Crystallographic Data Centre (Deposition No. CCDC-238434) . The data can be obtained free of charge via www.ccdc.cam.ac.uk/conts/ retrieving.html (or from the CCDC, 12 Union Road, 
Notes
Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).
Results and Discussion
Description of crystal structure. The selected bond distances and bond angles are listed in Table 2 . The molecular structure of the title complex is shown in Figure 1 .
It is important that the greatest care should be taken to exclude any traces of air and the procedure of reaction must be processed under nitrogen atmosphere in order to avoid the ligand oxidation. The structural analysis and IR spectroscopic data for the title complex show that there is no evidence for P=O bond formation (ν (P=O) bands are normally shown in the range of 1120-1280 cm −1 ). 8 The complex consists of discrete neutral tetranuclear silver units with a crystallographic inversion center and is best described as being based on a parallelogram of four silver atoms. Atom set Ag(1)-Ag(2)-Ag(1A)-Ag(2A) constitutes an ideal coplanar parallelogram. The molecular structure of the title complex is similar to those found in the centrosymmetric chair-like [Ag 4 (1) is three-coordinated by one phosphorus atom of a bridging dppm and two iodine atoms to form a triangle with maximum deviation of Ag(1) from the best least-squares plane being 0.1343 Å. Atom Ag(2) is four-coordinated by one phosphorus atom, two µ3-iodine atoms and one µ2-iodine atom to yield a distorted-tetrahedral formation, which can be reflected by the angles around the Ag(2) atoms ranging from 99.533(7) to 122.696(13)°. On each of the long edges of the parallelogram, two silver atoms are chelated by a dppm ligand with the Ag-P bond distances being Ag(1)-P(1) = 2.4060(5) and Ag(2)-P(2) = 2.4462(5) Å, respectively. The Ag-P bond distance for the four-coordinated silver atom is slightly longer than that for three-coordinated one. The Ag-P bond distances in the title compound are shorter than those found in [Ag 3 (dppm) 2 I 2 ]I, 13 but longer than those found in [Ag 4 (dppm) that in metallic silver (2.88 Å).
14 The dppm bridging Ag… Ag distances of 3.2247(3) Å are comparable to those found in [Ag4(dppm)2Cl4] 2b (3.254 (1) Å), showing the Ag…Ag distances are mainly influenced by dppm ligand. However, the iodine bridging Ag…Ag distances are greatly shorter than those found in [Ag4(dppm)2Cl4] 2b (3.374 Å) and [Ag3(dppm)2I2]I 13 (av. 3.236 (1) Å), which indicates stronger Ag …Ag interactions in the title complex. In comparison with Cl analog, the larger size of I atom, which has better overlap with valence orbits on silver atom, and the π-acid character, which can makes back-donation effect from the silver core, can reduce the antibonding nature of the d orbits on the silver core to result in shortening of Ag …Ag distances. 13 The bond distances and angles for dppm ligand in the present compound are similar to those found in other dppm complexes. There exist no π-π stacking interactions and hydrogen bonding interactions in the title compound, showing the packing force of crystal structure in the present compound should be very weak.
Optical studies. The electronic absorption spectrum of the title complex in THF solution at room temperature is shown in Figure 2 . The intensive absorption peaks at 242 and 290 nm can be assigned to π-π* or n-π* orbital transition of the dppm ligand (intraligand IL transition), as the case found in the other dppm complexes containing other ligands, such as phen, bipy, py, 15 but quite different from that of the complex [Ag 3 (dppm) 2 I 2 ]I in MeCN with a highenergy absorption shoulder at 254 nm and a low-energy absorption tail at 335 nm.
The tetranuclear silver complex reported here shows luminescence features in the EtOH solution at room temperature as given in Figure 3 . The title complex shows an emission at 415 nm, which can be assigned to originate predominantly from ligand-to-metal charge-transfer LMCT [I − → Ag 4 ] excited state, 15 mixed with a metal-centred (ds/ dp) state. 16 While for [Ag 3 (dppm) 2 I 2 ]I complex, there is a lower energy emission at 554 nm in DMF. The blue-shift from [Ag 3 (dppm) 2 I 2 ]I to [Ag 4 (dppm) 2 (µ 3 -I) 2 (µ 2 -I) 2 ] suggests that the emitting state is correlated to the metal-centred excited state Ag(I) (4d 9 5s 1 ) which is modified by the Ag… Ag interaction. 17 The blue-shift in emission spectrum is consistent with the shortening of Ag…Ag distances in [Ag4(dppm)2(µ3-I)2(µ2-I)2] (av. 3.1454(11) Å) as compared with that found in [Ag3(dppm)2I2]I (3.236(1) Å). 
